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Description

[0001] The invention relates to an air conduit tube for
a battery electric vehicle according to the generic term
of claim 1. The invention also relates to an arrangement
comprising the air conduit tube and a heat exchanger.
[0002] In a battery electric vehicle, components can be
cooled by means of a coolant and the coolant itself can
be cooled by means of ambient air in a heat exchanger.
The ambient air can be guided from a radiator grille of
the vehicle to the heat exchanger by means of an air
conduit tube. For this purpose, the air conduit tube can
be attached to the radiator grille with its air inlet and to
the inlet of the heat exchanger with its air outlet. Disad-
vantageously, the heat exchanger and the air conduit
tube can lose their function after a front collision, even
at low speeds. In particular, the leakage of the coolant
as well as the leakage of the ambient air can occur after
a front collision, thereby disturbing the function of the
vehicle as a whole. To avoid this, the air conduit tube is
currently designed to be as stable as possible, thereby
disadvantageously increasing its weight.

[0003] Itis therefore the object of the invention to pro-
vide an improved or at least alternative embodiment for
an air conduit tube of the generic type, in which the de-
scribed disadvantages are overcome. In addition, a cor-
responding arrangement with the air conduit tube and a
heat exchanger is to be provided.

[0004] This task is solved according to the invention
by the object of the independent claims. Advantageous
embodiments are the subject of the dependent claims.
[0005] The present invention is based on the general
idea of providing weak spots in the air conduit tube that
deform by afront collision, thereby keeping the air conduit
tube and in particular the heat exchanger connected to
the air conduit tube functional.

[0006] The air conduit tube according to the invention
is provided i.e. designed for a battery electric vehicle.
The air conduit tube contains an air inlet for introducing
airand an air outlet for fixing to an inlet of a heat exchang-
er. The air conduit tube is outwardly delimited by a wall,
wherein the wall fluidically interconnects the air inlet and
the air outlet. According to the invention, the air conduit
tube contains at least one weak spot. The respective
weak spotis designed in such away that, when a collision
force directed in an air inflow direction acts on the air
inlet, the air conduit tube primarily deforms at the weak
spot.

[0007] The weak spot can absorb a collision force act-
ing during a front collision. There, the weak spot deforms
at first and as a result the air conduit tube deforms at
predefined points. Accordingly, undefined deformation
of the air conduit tube and crack formation at undesirable
points of the air conduit tube can be prevented. As a
result, any leakage that occurs in the air conduit tube is
within the permitted i.e. predefined range. Due to absorb-
ing the collision force acting on the air conduit tube during
the front collision, the heat exchanger connected to the
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air conduit tube also remains functional. In other words,
the collision force acting on the air conduit tube can be
absorbed by the weak spots, thereby protecting the air
conduit tube and also the heat exchanger connected to
the air conduit tube. The front collision is in particular a
front collision atlow speeds. The collision force acts from
the outside in the air inflow direction which corresponds
to the direction of air flowing in or through the air inlet.
Another advantage is that the air intake can be removed
from below in the vehicle. Following no additional space
is required at the front when dismantling the air intake.
[0008] In general, such a weak spot respectively weak
point, mentioned above and below, can also be designed
as a predetermined breaking point or a predetermined
buckling point.

[0009] As described above, the air inlet of the air con-
duit tube is provided i.e. designed for introducing air into
the air conduit tube. For this purpose, the air inlet can be
arranged on and fluidically connected to a radiator grille
of the vehicle. The air inlet is thereby formed by an inlet
opening in the wall of the air conduit tube. The air inflow
direction is thus aligned perpendicular to the inlet open-
ing. A circumferential seal i.e. aring seal can be attached
to the air inlet. The circumferential seal i.e. the ring seal
is suitably designed to seal the air inlet of the air conduit
tube. The circumferential seal i.e. the ring seal thereby
surrounds the inlet opening i.e. the air inlet in a sealing
manner. The air outlet is provided i.e. designed to be
fixed to the inlet of the heat exchanger. It goes without
saying that the inlet of the heat exchanger is provided i.
e. designed for introducing air into the heat exchanger.
The air outlet is thereby formed by an outlet opening in
the wall of the air conduit tube. The heat exchanger can
be attached to the air outlet of the air conduit tube in a
fluid-tight manner.

[0010] The wall of the air conduit tube fluidically inter-
connects the air inlet and the air outlet. The air conduit
tube i.e. the wall of the air conduit tube can be formed of
plastic. The air conduit tube can contain a single weak
spot or multiple weak spots. The multiple weak spots can
be formed identically to each other or differently from
each other. Some of the multiple weak spots can be
formed at the air inlet i.e. adjacent to the air inlet, and
some of the multiple weak spots can be formed at the air
outlet i.e. adjacent to the air outlet.

[0011] In one possible embodiment of the weak spot,
the at least one weak spot can be formed in the wall of
the air conduit tube. In particular, the weak spot can be
formed by a reduced thickness of the wall. Preferably,
the thickness of the wall can be reduced by 30% to 50%.
[0012] The at least one weak spot can be elongated
and arranged adjacent to and spaced from the air inlet.
The at least one weak spot can thereby align parallel to
an edge of the wall enclosing the air inlet. It goes without
saying that several weak spots can be formed around
the air inlet. The air conduit tube can contain at least two
reinforcing ribs which are spaced apart from one another
on the wall and are each aligned parallel to an edge of
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the wall enclosing the air inlet. The weak spot can then
be arranged between the two adjacent reinforcing ribs.

[0013] The wall of the air conduit tube can be formed,
at least at the air inlet, by four wall sections which face
each otherin pairs. By that, the airinlet can have a round-
ed rectangular cross-section transversely to the air inflow
direction. The weak spot can then extend over at least
one wall section and at most over three mutually adjacent
wall sections. In other words, the respective weak spot
cansurroundi.e. enclose the airinlet on up to three sides.
[0014] The at least one weak spot can surround i.e.
enclose the air inlet around its circumference by more
than 25%. The air conduit tube can also contain more
than one weak spot, wherein the respective weak spots
cansurround i.e. enclose the airinlet atits circumference
by more than 75%.

[0015] The air conduit tube can contain a fastening unit
for fixing the heat exchanger. The fastening unit can be
formed on the wall adjacent to the air outlet and can con-
tain at least one fastening element projecting from the
wall to the outside. The fastening element can be formed
integrally i.e. from the same piece of material with the
wall of the air conduit tube. The respective fastening el-
ement can be connectable to a complementary fastening
of the heat exchanger in a force-fitting and/or form-fitting
manner, and thereby the heat exchanger can be fixedly
connectable to the air conduit tube in a force-fitting and/or
form-fitting manner. The fastening unit can contain sev-
eral - for example two or three or four or more - fastening
elements which can be distributed around the air outlet.
[0016] The at least one weak spot can - as described
above - be formed in the wall of the air conduit tube. The
at least one weak spot can be formed adjacent to the
respective fastening element and surround i.e. enclose
the respective fastening element in areas facing away
from the air outlet. The weak spot can thus be arranged
in front i.e. upstream of the respective fastening element
with respect to the collision force acting during a front
collision. The weak spot can be formed - as described
above - by a reduced thickness of the wall. In this case,
the thickness of the wall can be reduced by 30% to 50%,
for example. The weak spot can be elongated and also
have arounded shape. By afront collision, the air conduit
tube can then deform at the weak spot, thereby prevent-
ing force transmission to the fastening element and fur-
ther to the heat exchanger. It goes without saying that
multiple weak spots can be formed adjacent i.e. be as-
signed to the respective fastening element. If the fasten-
ing unit contains multiple fastening elements, one or
more weak spots can be formed adjacent i.e. assigned
to each of the fastening elements.

[0017] Alternatively, the atleast one weak spot can be
formed as a notch in the at least one fastening element
facing away from the air outlet. In this case, the notch
can be elongated and penetrate the fastening element
parallel to the collision force acting during a front collision.
In particular, the notch can have a triangular cross-sec-
tion. By a front collision, the fastening element can then
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buckle i.e. kink in a predefined manner at the weak spot,
thereby preventing force transmission to the heat ex-
changer. As already explained above, a single weak spot
and multiple weak spots can be formed on the respective
fastening element.

[0018] In the following, three possible embodiments of
the at least one weak spot are mentioned by way of ex-
ample. It goes without saying that these embodiments
are not final. It goes without further saying that the air
conduit tube can contain multiple weak spots in only one
embodiment or in different embodiments.

[0019] In a first embodiment, the weak spot can be
elongated and formed in the wall of the air conduit tube
adjacent to the air inlet. The weak spot can be aligned
parallel to an edge of the wall enclosing the air inlet. In
a second embodiment, the air conduit tube can contain
a fastening unit with at least one fastening element
formed atthe air outlet. The weak spot canthen be formed
in the wall of the air conduit tube adjacent to the fastening
element. In a third embodiment, the air conduit tube can
contain a fastening unit with at least one fastening ele-
ment formed at the air outlet. Here, the weak spot can
be formed as a notch in the fastening element.

[0020] The invention also relates to an arrangement
for a battery electric vehicle. The arrangement contains
an air conduit tube with an air inlet and an air outlet, and
a heat exchanger. The heat exchanger is attached with
its inlet to the air outlet of the air conduit tube in a fluid-
tight manner to the outside. According to the invention,
the air conduit tube is formed i.e. designed as described
above. To avoid repetition, reference is made at this point
to the above explanations.

[0021] Further important features and advantages of
the invention are apparent from the subclaims, from the
drawings, and from the accompanying figure description
based on the drawings.

[0022] It goes without saying that the above features
and those to be explained below can be used not only in
the combination indicated in each case, but also in other
combinations or on their own, without departing from the
scope of the present invention.

[0023] Preferred embodiments of the invention are
shownin the drawings and will be explained in more detail
in the following description, wherein identical reference
signs refer to identical or similar or functionally identical
components.

[0024] It shows, each schematically

Fig. 1 a partial view of an air conduit tube
according to the invention at the air
inlet;

Figs. 2and 3 further partial views of the air conduit
tube at the air inlet;

Figs. 4 and 5 enlarged views of the air conduit tube

on a fastening unit;
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Figs. 6 and 7 partial views of an arrangement ac-
cording to the invention with the air
conduit tube and a heat exchanger;

Figs. 8 and 9 cross-sectional views of the arrange-

ment in the area of weak spots;
Figs. 10 and 11 cross-sectional views of the arrange-
ment at the air outlet of the air conduit
tube in the area of weak spots;

Fig. 12 a sectional view of the arrangement
at the air outlet of the air conduit tube
in the area of a further weak spot.

[0025] Fig. 1 shows a partial view of an air conduit tube

1 according to the invention. The air conduit tube 1 con-
tains an air inlet 2a and an air outlet 2b. The air conduit
tube 1 is outwardly delimited by a wall 3, which connects
the air inlet 2a to the air outlet 2b in an air-conducting i.
e. fluidic manner. The air conduit tube 1 i.e. the wall 3 of
the air conduit tube 1 is made from plastic.

[0026] Theairinlet2ais thereby providedi.e.designed
for introducing air into the air conduit tube 1 and can be
fixed to a radiator grille of a vehicle. The air inlet 2a is
formed by an inlet opening 4a in the wall 3. A circumfer-
ential seal i.e. ring seal 5 is arranged at the inlet opening
4a and seals the air inlet 2a. Air can flow into the air
conduit tube 1 via the air inlet 2a i.e. the air inlet opening
4a in an air inflow direction SR.

[0027] The air outlet 2b is provided i.e. designed to be
fixed to an inlet of a heat exchanger 6 - see for example
Fig. 6 and Fig. 7 - and is formed by an outlet opening 4b
in the wall 3. The air conduit tube further 1 contains a
fastening unit 7 with several - here four - fastening ele-
ments 8 formed integrally with the wall 3 of the air conduit
tube 1. The fastening elements 8 are formed at and
around the air outlet 2b i.e. the outlet opening 4b and
projects from the wall 3 to the outside. The fastening el-
ements 8 are connectable with complementary fasten-
ings 9 of the heat exchanger 6 - see for example Fig. 6
and Fig. 7 - in a force-fitting and/or form-fitting manner.
[0028] The wall 3 contains four wall sections 3a, 3b,
3c, 3d, wherein the wall sections 3a and 3c and the wall
sections 3b and 3d face each other. As a result, the air
inlet2ai.e.theinletopening4ahas arounded rectangular
cross section. In Fig. 1, the wall section 3a is located at
the top, the wall section 3b is located at the right, the wall
section 3c is located at the bottom, and the wall section
3d is located at the left. In the following, reference is al-
ways made to this definition.

[0029] The air conduit tube 1 contains a plurality of i.
e. multiple weak spots 10 which differ from each other.
An elongated weak spot 10a is formed in the wall section
3a of the wall 3 and an overlapping weak spot 10b is
formed in the wall sections 3b, 3c, 3d of the wall 3. The
portions of the weak spot 10b that are not directly visible
are indicated with broken lines here. The weak spots 10a
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and 10b are formed parallel to and spaced from an edge
enclosing the air inlet 2ai.e. the inlet opening 4a. Trans-
versely to the air inflow direction SR, the weak spots 10a
and 10b enclose together the air inlet 2a i.e. the inlet
opening 4a by more than 75%. The weak spots 10a and
10b are formed by a by 30% to 50% reduced thickness
of the wall 3.

[0030] A plurality of reinforcing ribs 11 are also formed
on the wall 3 in the wall section 3a and in the wall section
3c. In the wall section 3a, the reinforcing ribs 11 are
aligned parallel to the airinflow direction SR and the weak
spot 10a interrupts them. In the wall section 3c, the re-
inforcing ribs 11 are aligned transversely to the air inflow
direction SR and the weak spot 10b is located in areas
between two of the adjacent reinforcing ribs 11.

[0031] Furthermore, four weak spots 10c are formed
in the wall 3, each of which is assigned to one of the
fastening elements 8 of the fastening unit 7. The weak
spots 10c which are not directly visible are indicated with
broken lines here. The weak spots 10c are formed by a
by 30% to 50% reduced thickness of the wall 3. The re-
spective weak spot 10c is thereby arranged in front i.e.
upstream of the respective fastening element 8 in the air
inflow direction SR. The respective weak spot 10c is also
elongated and has a rounded shape with end sections
facing the respective fastening element 8.

[0032] By a front collision, a collision force F acts in
the air inflow direction SR from the outside and the air
conduit tube 1 primarily i.e. at first deforms at the weak
spots 10a, 10b, 10c. This can prevent undefined defor-
mation of the air conduit tube 1 and crack formation at
undesirable points of the air conduit tube 1. A leakage
which occurs in the air conduit tube 1 after the front col-
lision remains within the permitted i.e. predefined range.
Moreover, the collision force F is absorbed by the weak
spots 10a, 10b, 10c, and the heat exchanger 6 connected
to the air conduit tube 1 remains functional. Thus, after
the front collision, only the air conduit tube 1 needs to be
replaced. It goes without saying that said front collision
is a front collision at a low speed.

[0033] Furthermore, the air conduit tube comprises a
protective grid 12 arranged at the air outlet 2b i.e. at the
outlet opening 4b. The protective grid 12 protects the
heat exchanger 6, for example, from stones penetrating
with air. The protective grid 12 is latched to the fastening
elements 8 of the fastening unit 7 - see also Fig. 6 and
Fig. 7 - and thereby fixed on the air conduit tube 1.
[0034] Fig. 2 shows a view of the air conduit tube 1 at
the air inlet 2a from the top. In Fig. 2, the weak spot 10a
in the wall section 3a can be seen particularly well.
[0035] Fig. 3 shows a view of the air conduit tube 1 at
the air inlet 2a from the bottom. In Fig. 3, the weak spot
10binthe wall sections 3b, 3c, 3d can be seen particularly
well.

[0036] Fig. 4 shows an enlarged view of the air conduit
tube 1 from the right. Here, the two weak spots 10c in
the wall section 3b can be seen particularly well. The two
weak spots 10c - as already explained above - are as-
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signed to the two fastening elements 8 of the fastening
unit 7. The respective weak spot 10c is formed in the air
inflow direction SR in fronti.e. upstream of the respective
fastening element 8 i.e. between the respective fastening
element 8 and the air inlet 2a.

[0037] Fig.5shows an enlarged view of the air conduit
tube 1 from the left. In Fig. 5, the weak spots 10c in the
wall section 3d can be seen particularly well. As explained
above, the two weak spots 10c are assigned to the two
fastening elements 8 of the fastening unit 7 and are
formed each between the respective fastening element
8 and the air inlet 2a.

[0038] Fig. 6 shows a partial view of an arrangement
13 according to the invention with the air conduit tube 1
and the heat exchanger 6 from the left. Fig. 7 shows
partial view of the arrangement 13 with the air conduit
tube 1 and the heat exchanger 6 from the right. Here, the
heat exchanger 6 is attached to the air outlet 2b of the
air conduit tube 1. For this purpose, the heat exchanger
6 - as already explained above - contains fastenings 9
which are connected to the fastening elements 8 of the
fastening unit 7. The fastenings 9 of the heat exchanger
6 can be made from plastic. In Fig. 6 and Fig. 7, the snap-
in connection between the protective grid 12 and the fas-
tening elements 8 of the fastening unit 7 can also be seen.
[0039] Fig. 8 shows a sectional view of the arrange-
ment 13 at the air inlet 2a of the air conduit tube 1 from
the top in the region of the weak spot 10a. As can be
seen particularly well here, the weak spot 10a in the wall
section 3a is formed by a by 30% to 50% reduced thick-
ness of the wall 3. In addition, the reinforcing ribs 11 can
be seen, which are aligned transversely to the weak spot
10a and are interrupted by the weak spot 10a.

[0040] Fig. 9 shows a sectional view of the arrange-
ment 13 from the bottom in the region of the weak spot
10b. Here, too, it can be seen that the weak spot 10b in
wall sections 3b, 3c, 3d is formed by a by 30% to 50%
reduced thickness of the wall 3.

[0041] In addition, the reinforcing ribs 11 can be seen,
which are aligned parallel to the weak spot 10b in wall
section 3c. The weak spot 10bis thereby formed between
two of the adjacent reinforcing ribs 11.

[0042] Fig. 10 and Fig. 11 show sectional views of the
arrangement 13 at the air outlet 2b of the air conduit tube
1 from the right in the area of the weak spots 10c. In Fig.
10, the lower fastening element 8 of the fastening unit 7
i.e. the fastening element 8 adjacent to the wall section
3cis shown. In Fig. 11, the upper fastening element 8 of
the fastening unit 7 i.e. the fastening element 8 adjacent
to the wall section 3a is shown. As can be seen in Fig.
10 and Fig. 11, the weak spots 10c are formed in the
same way by a by 30% to 50% reduced thickness of the
wall 3.

[0043] Fig. 12 shows a sectional view of the arrange-
ment 13 at the air outlet 2b of the air conduit tube 1 from
the right. Here, two further weak spots 10d are formed
on the fastening element 8 of the fastening unit 7. In con-
trast to the weak spots 10a, 10b, 10c, the weak spots
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10d are each formed by a notch 14 in the fastening ele-
ment 8. The respective notch 14 engages in the respec-
tive fastening element 14 in the air inflow direction SR.
By a front collision, the respective fastening element 8
can buckle i.e. kink at the weak spot 10d and thereby
absorb the collision force F. This allows the heat ex-
changer 6 to remain functional and only the air conduit
tube 1 has to be replaced after the front collision.

Claims
1. Air conduit tube (1) for a battery electric vehicle,

- wherein the air conduit tube (1) contains an air
inlet (2a) for introducing air and an air outlet (2b)
for fixing to an inlet of a heat exchanger (6),

- wherein the air conduit tube (1) is outwardly
delimited by a wall (3) fluidically interconnecting
the air inlet (2a) and the air outlet (2b),

characterized

in that the air conduit tube (1) contains at least one
weak spot (10), wherein the respective weak spot
(10) is designed in such a way that, when a collision
force (F) directed in an air inflow direction (SR) acts
on the air inlet (2a), the air conduit tube (1) primarily
deforms at the weak spot (10).

2. Air conduit tube according to claim 1,
characterized
in that the at least one weak spot (10) is formed in
the wall (3) of the air conduit tube (1).

3. Air conduit tube according to claim 2,
characterized
in that the at least one weak spot (10) is formed by
a reduced, preferably by 30% to 50%, thickness of
the wall (3).

4. Air conduit tube according to claim 2 or 3,
characterized

- in that the at least one weak spot (10) is elon-
gated and is arranged adjacent to and spaced
from the air inlet (2a), and

- in that the at least one weak spot (10) aligns
parallel to an edge of the wall (3) enclosing the
air inlet (2a).

5. Air conduit tube according to claim 4,
characterized

- in that the air conduit tube (1) contains at least
two reinforcing ribs (11) on the wall (3) which
are spaced from one another and are aligned
parallel to an edge of the wall (3) enclosing the
air inlet (2a), and
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-in that the weak spot (10) is arranged between
the two adjacent reinforcing ribs (11).

6. Air conduit tube according to claim 4 or 5,
characterized

- in that the wall (3) of the air conduit tube (1)
is formed, at least at the air inlet (2a), by four
wall sections (3a, 3b, 3c, 3d) which face each
other in pairs, so that the air inlet (2a) has a
rounded rectangular cross section transversely
to the air inflow direction (SR), and

- in that the weak spot (10) extends over at least
one wall section (3a, 3b, 3c, 3d) and at most
over three mutually adjacent wall sections (3a,
3b, 3c, 3d).

7. Airconduit tube according to any one of claims 4 to 6,
characterized

-inthat the atleast one weak spot (10) encloses
the air inlet (2a) at its circumference by more
than 25%, and/or

- in that the air conduit tube (1) contains more
than one weak spot (10), wherein the respective
weak spots (10) enclose the air inlet (2a) at its
circumference by more than 75%.

8. Air conduit tube according to claim 2 or 3,
characterized

- in that the air conduit tube (1) contains a fas-
tening unit (7) for fixing the heat exchanger (6),
- in that the fastening unit (7) is formed on the
wall (3) adjacent to the air outlet (2b) and con-
tains at least one fastening element (8) project-
ing from the wall (3), and

-inthatthe atleast one weak spot (10) is formed
adjacent to the respective fastening element (8)
and surrounds the respective fastening element
(8)inregions facing away from the air outlet (2b).

9. Air conduit tube according to claim 1,
characterized

- in that the air conduit tube (1) contains a fas-
tening unit (7) for fixing the heat exchanger (6),
- in that the fastening unit (7) is formed on the
wall (3) adjacent to the air outlet (2b) and con-
tains at least one fastening element (8) project-
ing from the wall (3), and

- in that the at least one weak spot (10) is a
notch (14) formed in the fastening element (8)
facing away from the air outlet (2b).

10. Arrangement (13) for a battery electric vehicle,

- wherein the arrangement (13) contains an air
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10

conduit tube (1) with an air inlet (2a) and an air
outlet (2b), and a heat exchanger (6),
-wherein the heatexchanger (6) is attached with
its inlet to the air outlet (2b) of the air conduit
tube (1) in a fluid-tight manner to the outside,

characterized
in that the air conduit tube (1) is formed according
to any one of the preceding claims.
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